A 79-year old female presented with bradycardia and complaints of recent-onset recurrent pre-syncope and exertional breathlessness. Fig. 1A is the 12-lead ECG of this patient which revealed heart rate of 46 beats per minute (bpm) and a narrow QRS with a leftward axis (mean frontal QRS axis ¼ À30 ). The diagnosis of Mobitz type II intra-Hisian or infra-Hisian AV block was considered on the basis of constant and normal PR intervals (160 ms). She was taken for dual chamber pacemaker implantation with permanent His-bundle pacing [1, 2] . The electrogram obtained by the lead at the His-bundle site revealed 2:1 infra-Hisian AV block (Fig. 1B) . The pacemaker parameters set were: lower rate 60 bpm, sensed-AV delay 200 ms, paced-AV delay 200 ms, upper track rate (UTR) 130 bpm, post-ventricular atrial refractory period (PVARP) 340 ms and mode switch at 171 bpm. Fig. 2 (Panels A and B) shows the 12-lead ECG on the first post-operative day. What could be the diagnosis?
Case history
A 79-year old female presented with bradycardia and complaints of recent-onset recurrent pre-syncope and exertional breathlessness. Fig. 1A is the 12-lead ECG of this patient which revealed heart rate of 46 beats per minute (bpm) and a narrow QRS with a leftward axis (mean frontal QRS axis ¼ À30 ). The diagnosis of Mobitz type II intra-Hisian or infra-Hisian AV block was considered on the basis of constant and normal PR intervals (160 ms). She was taken for dual chamber pacemaker implantation with permanent His-bundle pacing [1, 2] . The electrogram obtained by the lead at the His-bundle site revealed 2:1 infra-Hisian AV block (Fig. 1B) . The pacemaker parameters set were: lower rate 60 bpm, sensed-AV delay 200 ms, paced-AV delay 200 ms, upper track rate (UTR) 130 bpm, post-ventricular atrial refractory period (PVARP) 340 ms and mode switch at 171 bpm. Fig. 2 (Panels A and B) shows the 12-lead ECG on the first post-operative day. What could be the diagnosis?
Discussion
On superficial inspection, differential diagnoses of atrial lead undersensing or AV Wenckebach phenomenon at the AV Node could be made. A careful look, however, reveals atrial rate (136 bpm) higher than the UTR yet lower than the total atrial refractory period (TARP) rate. Corresponding pacemaker electrograms (EGMs) had also revealed upper-rate behaviour of the pacemaker. The third 'P' wave fell in the PVARP and hence failed to be tracked to the ventricle. Hence the appropriate diagnosis could be Wenckebach phenomenon due to upper rate behavior of the pacemaker. Further analysis of the QRS complexes reveals subtle changes in the QRS morphology. The first QRS of the grouped beats is due to intrinsic conduction and the second is the result of His-bundle pacing. The second QRS complex cannot be due to aberrant conduction. It is unlikely that 2:1 infra-Hisian conduction block improves to Wenckebach conduction at a higher atrial rate. Indeed, switching off the pacemaker still revealed a Type 2 Mobitz 2:1 AV block. Conclusive proof to the above explanation could be deciphered after slowing of the atrial rate, when the intra-cardiac EGM revealed alternate ventricular sensing and pacing (Fig. 2C) . The patient eventually was pacemaker dependent (lower rate-60 bpm, sensed AV delay-120 ms, UTR-150 bpm) with narrow paced QRS complexes as shown in the 12-lead ECG (Fig. 3) .
In summary, the 12-lead ECG (Fig. 2 ) reveals a 3:2 Wenckebach in which the first QRS complex is the patient's intrinsic conduction, the second QRS complex is result of His-bundle capture and the non-conducted 'P' wave is due to the PVARP suggesting upper-rate behavior of the His-bundle pacemaker. Thus, we conclude that in this era of 'His-bundle' pacing, the 'upper rate behavior of a Hisbundle dual chamber pacemaker' should be considered in the 
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